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Human immunodeficiency virus (HIV) infection
has been transformed over the past two decades from a fatal to a chronic disease, because of combination antiretroviral therapy -a medical triumph. 1 However, HIV has proven to be a masterful escape artist with regard to the pharmacologic agents strategically deployed to block its replication, and the counterpoint to the antiretroviral success story is one of drug resistance and toxicity. For a sizable number of patients who have developed or acquired highly drug-resistant HIV, suffering the ill effects of HIV disease is either a reality or a looming threat.
In most patients with highly drug-resistant HIV, the resistance develops because of sequential exposure to HIV drugs in the context of incomplete virologic suppression. The HIV regimens currently in use are designed to be sufficiently potent to suppress the virus and thus the emergence of drug-resistant mutants. When the adherence to medication is suboptimal or drug absorption or metabolism is altered, viral replication crosses the threshold necessary for the selection and outgrowth of drug-resistant mutants. Unfortunately, the genetic barrier to drug resistance for several of the most important HIV agents is low, requiring only a single point mutation to confer loss of activity. Drug-resistant virus can also be transmitted from person to person and from mother to child, although the transmission of strains resistant to multiple classes of drugs is rare, to date. 2 For over a decade, we have approached the treatment of drug-resistant HIV as a Sisyphean task, using a strategy that we knew from the start was doomed to fail -the addition of a single new agent to an ailing regimen. This approach was based not on ignorance but on the lack of new classes of antiretroviral agents. The situation is complicated further by our incomplete understanding of cross-resistance and our incomplete ability to predict residual antiretroviral activity associated with the individual agents in the drug classes targeting HIV nucleoside reverse-transcriptase inhibitors and protease inhibitors.
For patients infected with drug-resistant HIV, adding a single new drug to a failing regimen provides temporary benefit yet inevitably leads to the selection of a virus that is even more drug resistant. Some strains that are highly drug resistant replicate less efficiently in vitro than others, but ongoing replication of these strains in vivo is still associated with a decline in immune function. Thus, delaying a switch in regimen places the patient at jeopardy for serious infections and cancers as well as for a circulating strain of HIV more resistant to a future antiretroviral "backbone" regimen. These circumstances back providers and patients into a corner, forcing them to gamble on either a wait-and-see strategy or a switch strategy.
Until recently, the pace of HIV-drug development was not conducive to an aggressive approach to treating patients with a highly drugresistant virus. Since 2003, nine new drugs and three new drug classes, including HIV integrase inhibitors, were approved for HIV treatment. HIV integrase was a natural target for HIV chemotherapy because of both its central role in the HIV life cycle and the absence of a human homologue. The development of this class of drugs exploited and shed light on the complex multistep process of integration of the HIV provirus into the host genome. 3 Raltegravir, the first compound of this class to be approved for clinical use, inhibits strand transfer, the third and final step of the provirus integration.
In this issue of the Journal, Steigbigel et al. 4 report the findings of the BENCHMRK-1 and BENCHMRK-2 studies (the Blocking Integrase in Treatment Experienced Patients with a Novel Compound against HIV, Merck studies; ClinicalTrials.gov numbers, NCT00293267 and NCT00293254), which evaluated the activity of raltegravir among 699 patients infected with HIV. Only patients infected with HIV that had documented resistance to three classes of HIV drugs were eligible for these studies. The patients were randomly assigned to receive an optimized antiretroviral regimen either alone or in conjunction with raltegravir. The antiretroviral regimens were individually designed on the basis of previous antiretroviral history and results of drug-resistance testing. The regimens were permitted to include darunavir, an HIV protease inhibitor that was not yet licensed at the time of the study.
Patients who received raltegravir had higher rates of virologic suppression than those who received placebo, and the overall rates of viral suppression are among the highest reported for patients infected with HIV with triple-class resistance. Increases in the CD4 cell count were more pronounced in the raltegravir group than in the placebo group; the overall adverse-event profile did not differ between the two groups. Rates of cancer were higher in the raltegravir group. However, the rates of adverse events were low, and differences in the rates from the combined BENCHMRK studies and from a larger data set including other studies of raltegravir were not significant. One could speculate that the earlier occurrence of clinical events in the raltegravir group reflects a more robust immunologic response and unmasking of underlying conditions. Continued monitoring for these and other adverse events in patients receiving raltegravir will be important during its expanded use.
The companion article by Cooper et al. 5 in this issue of the Journal underscores the importance of fully active multidrug therapy in sustaining virologic suppression in patients infected with HIV that has multiclass drug resistance. Virologic response rates were 51%, 61%, and 71% when raltegravir was provided in combination with no, one, or two other active drugs, respectively. Data on the high end of this dose-response curve could potentially be even greater when patients are candidates for the CCR5 inhibitor maraviroc, an agent newly approved by the Food and Drug Administration in a new class of HIV drugs expected to have activity against the HIV infecting this population. The 51% response rates on the low end should not encourage the sole addition of raltegravir to the regimen of a patient with multiclass-resistant HIV, which could lead to rapid development of drug resistance. Resistance to raltegravir requires only a single point mutation, and among 94 subjects in the raltegravir group with virologic failure who underwent genotyping, approximately two thirds showed at least one of the known resistance mutations to raltegravir by week 48. As expected, the prevalence of resistance mutations was lower among isolates from patients who were given (in addition to raltegravir) two or more active drugs (33%), as compared with none (78%).
What do these results mean for clinical practice? The results of the BENCHMRK studies usher in a new era for HIV therapy -the expectation that combination regimens involving new agents can suppress even the most drug-resistant HIV. Current HIV guidelines endorse this approach, and clinicians are eager to put it into practice. 6 At present, raltegravir and other new classes of HIV drugs will be used principally for patients in whom available antiretroviral agents have failed to achieve HIV suppression. It is crucial that new HIV agents are used wisely to maximize benefit and minimize resistance. It is also important to rethink our current HIV treatment strategies and to extend research on these new agents in other populations, such as patients infected with HIV who have never been treated. Given the unmet treatment needs in the global HIV epidemic, it is further incumbent on researchers, policymakers, and advocacy groups to evaluate the optimal use of new agents in lowand middle-income populations and to work toward making the drugs available for both children and adults.
Raltegravir is a powerful weapon for patients combating drug-resistant HIV. However, the low genetic barrier to drug resistance against raltegravir represents a major point of vulnerability. 7 With attention to adherence and with the use of accompanying active antiretroviral agents, the risk can be minimized. Nonetheless, we must acknowledge that even though regimens are sufficiently potent to treat drug-resistant HIV, they may require a substantial pill burden and use of the injectable drug enfuvirtide. These regimens can be overwhelming even for the most motivated patient. The fact that integrase inhibitors are emerging out of the pipeline and into the clinic shows that persistence and investment in new agents can shed light on basic science, open new doors for research, and most importantly, transform approaches to HIV treatment.
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